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THE LOCALIZATION OF HYPOTHALAMIC STRUCTURES IN
THE RAT INFLUENCING WATER CONSUMPTIONt
Hyperphagia and obesity occur following bilateral destruction of the
ventromedial region of the hypothalamus.4" On the other hand, bilateral
destruction in the lateral area leads to anorexia and death."2 In the rat, the
ventromedial lesions also produce a reduced water/food intake ratio, a
delayed excretion of a water load, increased tubular reabsorption of water,14
and a small but significant increase in serum sodium.'5 These signs were
considered "reflections of a chronic state of relative dehydration. The low
water/food intake ratio implies a deficit in the neural mechanism responsi-
ble for thirst and its alleviation."' This "hypothalamic hypodipsia" can
appear following such lesions, regardless of the presence or absence of
hyperphagia and the development of obesity"4,"; it, like hypothalamic hyper-
phagia and diabetes insipidus, is not fatal to the animal. That the hypothala-
mus influences thirst has been confirmed by the induction of thirst in goats
upon injection of hypertonic saline into the medial portion of the
hypothalamus.8
The purpose of the present study was to locate more precisely that
area of the hypothalamus the destruction of which produces chronic
"hypodipsia."
METHODS
Female rats of the Sprague-Dawley strain with an initial weight of 200-250 gm.
were used throughout the investigation. All animals were housed in individual cages
at an environmental temperature of 25.5 + 1° C. and were fed a synthetic, high carbo-
hydrate diet containing the necessary salt and vitamin requirements for the rat. This
diet yielded 4.18 kcal/gm.; approximately 70% of the calories were provided by
sucrose, 10%o by fat, and 20% by casein. Food and water consumption as well as body
weight of all rats was recorded to the nearest gram at two-day intervals, beginning
five days after the operation.
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Hypothalamic lesions were placed with the aid of a Horsley-Clarke stereotaxic
instrument as adapted for the rat by Clark.' For the operation each rat was anes-
thetized with Evipal (140 mgm./kg. body weight) intraperitoneally. The coordinates
employed in placing the lesions
instrument; they are not uni-
versal, and may vary from one
instrument to another. These
coordinates along with their
expected hypothalamic loca-
tions are seen in Table 1. In
Figure 1, the mid-sagittal
plane is represented by the
line 0. The lines labelled R1,
R2, and L1, L2, represent dis-
tances 1 and 2 mm. on either
side of the mid-sagittal plane.
Positions anterior to the zero
frontal plane, which runs
through the external auditory
meatus, are represented by the
lines A4, A5, A6, A7, and A8.
All lesions were placed 1 mm.
above the base of the brain
using a current of 1.5 ma.
flowing for 15 seconds.
The true location, sym-
metry, and extent of these
lesions were later determined
(Fig. 1) were those appropriate for our stereotaxic
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FIG. 1. Diagram of the hypothalamus of the rat
(ventral view) showing the Horsley-Clarke coordi-
nates employed. The line labelled 0 represents the
mid-sagittal plane of the brain. Lines labelled R1, R2
and L1, L2 represent planes 1 mm. on either side of
the mid-sagittal plane. Lines labelled A4, As, A8, A7,
and A8 represent planes anterior to the zero frontal
plane which runs through the external auditory
meatus. The crosses indicate positions of the lesions.
histologically. The rats were sacrificed under anesthesia by viviperfusion with saline
followed by 10% formalin. The brain was removed, the hypothalamic area dissected
free, frozen (C02), and sectioned at 20 microns. The sections were stained with cresyl
violet, cleared in xylol, and prepared for microscopic observation.
RESULTS
A. Lesions producing the greatest degree of obesity. From the reports of
previous investigators4'5 8-11 one would expect to find the greatest degree of
"hyperphagia" and obesity in rats with lesions in the immediate region of
the ventromedial nuclei. This was confirmed in the present study (Table
2). The group A6, R1, L1 ate 24.2 ± 2.2 gm. of food/day and gained 4.8
gm. body weight/day, while the controls ate 13.2 ± 0.2 gm./day and
gained 0.8 gm. body weight/day. Plate Ia is a photomicrograph of the
hypothalamus of rat A6, R1, L1, 217 showing the extent of damage. In this
rat, both lesions which were roughly 1 mm. in diameter were situated in
the ventromedial nuclei, but destruction had encompassed a sphere roughly
2 mm. in diameter.
397YALE JOURNAL OF BIOLOGY AND MEDICINE
The group of rats with lesions 1 mm. more rostral (A7, R1, L1) showed
slightly less hyperphagia. The relatively large standard error of the mean
food consumption (Table 2) indicates a wide variation among the animals
in this group and this was also true of the location of the lesions. Those rats
TABLE 1. EXPECTED LOCATION OF HYPOTHALAMIC LESIONS
Coordinates Locationt
A8, R1, L1 ..... In the frontal plane of the optic chiasma medial to the supraoptic
nuclei.
A., R1, L1 ..... In the frontal plane of the anterior hypothalamic areas, just
lateral and ventral to the filiform nuclei.
A,, R1, L1 ..... In or around the ventromedial nuclei of the median eminence.
Ao, R2, L2 ..... In the lateral hypothalamic areas at the same frontal plane as
the ventromedial nuclei.
A5, R1, L1 ..... In the frontal plane of the ventral premammillary nuclei.
TABLE 2. FOOD AND WATER INTAKES OF RATS WITH HYPOTHALAMIC LESIONS
AND FED A HIGH CARBOHYDRATE DIET
Location of Dutration Food Water Water/Food
lesionst No. days gin./rat/day cc.!rat/day cc./gm.!rat/day
As, R1, L1 5 16 23.3 ± 1.7* 24.6 ± 2.8 1.06 ± 0.13
Ao, R1, L1 9 14 24.2 2.2 27.5 +6.1 1.12 0.22
Aa, R2, L3 5 16 16.4 2.1 15.8 1.1 1.00 0.11
A7, R1, L1 6 16 24.1 ± 3.2 30.7 ± 5.0 1.47 ± 0.42
A8, R1, L1 2 16 18.3 ± 1.1 23.5 ± 2.7 1.30 + 0.20
Control 11 16 13.2 ± 0.2 26.1 ± 2.6 1.97 ± 0.20
* S.E.M.
t Horsley-Clarke coordinates.
Significance of difference from control values:
Solid underlining - P < .01.
Dotted underlining - P < .05.
with high food consumptions had lesions impinging upon the anterior por-
tions of the ventromedial nuclei, while those with low food consumptions
had elongated lesions in the coronal plane of the filiform nuclei. A photo-
micrograph of a hypothalamus from this latter sub-group is shown in
Plate lb.
Rats with lesions placed in the regions of the premammillary nuclei
(A5, R1, L1) demonstrated less hyperphagia and obesity than the group
As, R1, L1. Plate Ic is a photomicrograph showing the lesions present in
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rat A;5, R1, L1, 205. They are very similar to those of rat 217 (Plate Ia)
in size and symmetry but are situated in the coronal plane of the pre-
mammillary nuclei.
Four of the six rats receiving lesions in the preoptic regions (A8, Ri, L1)
died within a few days after the operation. The remaining two exhibited a
slight hyperphagia and weight gain. Plate Id illustrates the lesions present
w.". .;.:.:
PLATE I. Photomicrographs of sections from the hypothalamus of
(a) Rat AG, R1, L1, 217
(b) Rat A7, R1, L1, 256
(c) Rat A5, R1, L1, 205
(d) Rat A8, R1, L1, 259
The lesions appear as black masses in the photomicrographs. Cresyl violet x38.
in one of the survivors. Both survivors had asymmetrical lesions, the right
one more lateral and smaller than the left. The four fatalities in this group
lhad symmetrical lesions in the preoptic nuclei.
The group of rats with lesions in the lateral hypothalamic areas (Table 2,
A6, R2, L2) showed no significant increase in food consumption and only
a slight weight gain. This is in contradistinction to the anorexia and weight
loss reported by Anand and Brobeckl" and which has been observed previ-
ously in this laboratory. For some unknown reason the present lesions
(Plates hIa, b, c) were smaller than those placed in any of the other rats
and those reported by Anand and Brobeck.
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B. Lesions producing the greatest degree of hypodipsia. All of the hypo-
thalamic lesions in the present study produced a lowered water/food ratio
(Table 2). The ratios were significantly lower than those of the controls
only for the groups with lesions in the middle and caudal hypothalamus. The
greatest decrease in the ratio appeared in those rats which did not demon-
strate hyperphagia. In the other four groups the low ratio was the result of
an elevated food consumption with little change in water intake following
the operation.
PLATE I. Photomicrographs of a sec-
tion from the hypothalamus of (a) Rat
A., R.2, L2, 267 (b) Rat A., R2, L2, 266
(c) Rat A6, R2, L2, 270. The lesions
appear as black bands running dorsally
from the ventral surface of the brain
roughly 2 mm. on either side of the
third ventricle. Following the operation
each rat showed no appreciable change
in food consumption but a reduction in
c
...... water intake. Cresyl violet x38.
The rats with lesions in the lateral hypothalamic areas (A6,, R2, L-2),
however, showed only a slight increase in food consumption but a selective
and absolute decrease in water intake (difference from controls P < 0.05).
These lesions, situated at the same frontal plane as the ventromedial nuclei,
were consistently small and elongated, destroying a narrow band of tissue
through the lateral hypothalamic areas. Plate hIa is a photomicrograph of
the lesions present in rat A6, R2, L2, 267. Here the lesions are represented
by the dark-staining bands running from the ventral surface of the brain
dorsally through the lateral hypothalamic areas. The ventromedial nuclei,
dorsomedial nuclei the column of the fornix, and mammillothalamic tracts
all remain intact Although this animal's food consumption (15 gm./day)
was approximately the same as that of the controls, its water intake (13.5
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gm./day) was only about half that of the controls (Table 2). The lesions
present in rats A6, R2, L2, 266 and 270 (Plates IIb and IIc) were very
similar to those of rat 267. Both of these rats showed an elevated food
intake, 20.3 gm. and 20.0 gm./day respectively. Nevertheless, their water
intake (16.6 and 17.3 cc./day) was decidedly lower than that of the con-
trols (Table 2). It appears, then, that small lesions in the lateral hypo-
thalamic areas produce little change in food consumption but a definite
reduction in water consumption.
DISCUSSION
It is now well accepted that experimental hypothalamic obesity is largely
the result of a dramatic increase in food intake, "hypothalamic hyper-
phagia."' The exact mechanism of the hyperphagia still remains obscure.
Anand and Brobeckl" held that destruction of the ventromedial nuclei
released a "feeding center" situated in the lateral hypothalamic areas from
inhibition-hyperphagia resulted. Lesions placed in this lateral feeding
center resulted in anorexia and death.
In 1949, Stevenson demonstrated that rats subjected to hypothalamic
lesions showed not only hyperphagia but also "hypodipsia"; his rats did
not drink as much water per gram of food eaten as did the controls. In the
present study we have attempted to find an area or areas within the hypo-
thalamus which may be responsible for the hypodipsia. We have again
found that all of the rats which showed hyperphagia, ranging from moderate
to extreme, also demonstrated a relative hypodipsia. In most, this was the
result of an elevated food intake with no change in water consumption.
On first glance this would seem to be evidence that such lesions produced
no abnormality in water metabolism. However, when the composition of
the diet and other conditions are kept constant, the ad libitum water intake
of the normal rat varies more or less directly with the amount of food eaten
whether this be varied by increasing the food requirement or by restricting
its supply. The hypothalamic animals failed to show this correlation of
water with food intake. Indeed, their lower water/food intake ratio persists
when they are pair-fed with their controls or when the supply of water is
restricted to 10 cc. per day. Hypothalamic "hypodipsic" rats also fail to
increase their water intake when transferred from an environment of 220 C.
to one at 350 C.13 The results of these studies suggest an abnormal situation
where the fine adjustment of water metabolism has been in some way im-
paired by the hypothalamic lesions. We have not been able to produce
complete absence of voluntary water drinking.
Although the regulation of renal water excretion has been clearly
associated with the supraoptic nuclei in the anterior hypothalamus,"16 the
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regulation of water intake has not been as accurately localized. In the
present study, the greatest reduction in the water/food intake ratio oc-
curred in those rats with lesions in the lateral aspects of the lateral
hypothalamic areas (Table 2, A6, R2, L2).
Unlike the hyperphagic groups, those animals maintained a relatively
normal food intake but reduced their water consumption. Here, then, is an
area within the hypothalamus, the destruction of which has produced little
obvious change in energy metabolism but changes in the animal's water
economy. It would appear from these studies that a "thirst center," postu-
lated by Stevenson," may be located in or near the region of the lateral
"feeding center." Because of the proximity of the ventromedial nucleus it
is possible that obesity-producing lesions may impair the normal function of
this lateral "thirst center."
The exact nature of the stimulus to this area and the mechanism by which
it responds to produce a physiological effect require further investigation.
In recent years evidence has been presented in favor of an osmotic stimulus.
Andersson3 has produced immediate polydipsia in the conscious goat by
intrahypothalamic injections of hypertonic saline. Larsson'2 reports a transi-
ent hyperphagia following intrahypothalamic injections of hypertonic saline
in the goat. There is little doubt that a close relation between water regula-
tion and energy metabolism exists. It seems possible that an integrated
regulation of both these essential functions is situated in the same area
within the hypothalamus.
SUMMARY
With the use of the Horsley-Clarke stereotaxic instrument, electrolytic
lesions have been placed at various bilateral loci in the hypothalamus of the
rat from the preoptic region to the premammillary nuclei. Variations in
food and water intake and body-weight gain were correlated with the
histological localization of the lesions. The results were as follows'
1. The greatest degree of hyperphagia and obesity was obtained in those
rats with lesions in or around the region of the ventromedial nuclei.
2. The water/food intake ratios were lower than those of the controls in
all operated rats, but significantly so only for those rats with lesions located
in the middle and caudal hypothalamus.
3. Rats with lesions which produced the greatest degree of hyperphagia
and obesity also demonstrated "hypodipsia." In these cases the low water/
food intake ratio was due to a dramatic increase in food consumption
without any significant increase in water intake.
4. Rats with lesions in the lateral hypothalamic areas showed no sig-
nificant increase in food intake but a reduction in water intake. The
402
Vol. 28, Dec.-Feb. 195516Thte hypothalamtius and water consumption MONTEMURRO, STEVENSON
hypothalamic area responsible for this "hypodipsia" thus appears to be
situated predominantly in the lateral hypothalamic areas in the same frontal
plane as the ventromedial nuclei. This hypothalamic area which has been
previously shown to be important in the regulation of food intake-the
"feeding center"-is apparently also important in the normal regulation of
water intake.
ACKNOWLEDGMENT
The support and encouragement of Professor John F. Fulton at the beginning of
this work is gratefully acknowledged as are the stimulus and constructive criticism of
Professors John R. Brobeck and C. N. H. Long.
REFERENCES
1. Anand, B. K. and Brobeck, J. R.: Hypothalamic control of food intake in rats
and cats. Yale J. Biol. Med., 1951, 24, 123.
2. Anand, B. K. and Brobeck, J. R.: Localization of a "feeding center" in the
hypothalamus of the rat. Proc. Soc. exp. Biol. (N.Y.), 1951, 77, 323.
3. Andersson, Bengt: Polydipsia caused by intrahypothalamic injections of hyper-
tonic NaCl solution. Experientia (Basel), 1952, 8, 157.
4. Brobeck, J. R.: Mechanism of the development of obesity in animals with hypo-
thalamic lesions. Physiol. Rev., 1946, 26, 541.
5. Brobeck, J. R., Tepperman, Jay, and Long, C. N. H.: Experimental hypothalamic
hyperphagia in the albino rat. Yale J. Biol. Med., 1943, 15, 831.
6. Clark, George: The use of the Horsley-Clarke instrument on the rat. Science,
1939, 90, 92.
7. Fisher, Charles, Ingram, W. R., and Ranson, S. W.: Diabetes insipidus and the
nteuro-hormonal control of water balance: a contribution to the structure and
function of the hypothalamnico-hypophyseal systemn. Ann Arbor, Michigan,
Edwards Bros., 1938.
8. Hetherington, Albert: The relation of various hypothalamic lesions to adiposity
and other phenomena in the rat. Amer. J. Physiol., 1941, 133, 326.
9. Hetherington, A. W.: The production of hypothalamic obesity in rats already
displaying chronic hypopituitarism. Amer. J. Physiol., 1943, 140, 89.
10. Hetherington, A. W.: Non-production of hypothalamic obesity in the rat by
lesions rostral or dorsal to the ventromedial hypothalamic nuclei. J. comp.
Neurol., 1944, 80, 33.
11. Hetherington, A. W. and Ranson, S. W.: The relation of various hypothalamic
lesions to adiposity in the rat. J. comp. Neurol., 1942, 76, 475.
12. Larsson, Stig: On the hypothalamic organisation of the nervous mechanism regu-
lating food intake. Acta physiol. scand., 1954, 32, suppl. 115.
13. Montemurro, D. G. and Stevenson, J. A. F.: Observations to be published.
14. Stevenson, J. A. F.: Effects of hypothalamic lesions on water and energy
metabolism in the rat. Recent Prog. Hormone Res., 1949, 4, 363.
15. Stevenson, J. A. F., Welt, L. G., and Orloff, Jack: Abnormalities of water and
electrolyte metabolism in rats with hypothalamic lesions. Amer. J. Physiol.,
1950, 161, 35.
16. Verney, E. B.: The antidiuretic hormone and the factors which determine its
release. Proc. roy. Soc. B., 1947, 135, 25.
403